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[57] ABSTRACT

A fuel injector comprising a movable needle actuated
by a solenoid for controlling the opening operation of a
valve port. A fuel swirl chamber is arranged down-
stream of the valve port and has a conically shaped
circumferential inner wall. The fuel injection port opens
into the fuel swirl chamber at the apex thereof. The fuel
swirl chamber has a fuel inlet port connected to the
valve port via a fuel passage. The fuel inlet port is tan-
gentially connected to the circumferential inner wall of
the fuel swirl chamber.
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i
FUEL INJECTOR

DESCRIPTION OF THE INVENTION

The present invention relates to a fuel injector, and
more particularly relates to a consiant pressure type fuel
injector suited for use in an internal combustion engine.

in an internal combustion engine in which fuel 1s
injected into the combustion chamber or the intake
manifold, it has been proven that the atomization and
vaporization of fuel is promoted by causing the fuel
injected from the fuel injector to swirl. As a fuel injec-
tor capable of causing the fuel injected from the fuel
injector to swirl, various swirl type fuel injectors have
been known. A fuel injector of this type normally has a
movable needle arranged in the housing thereof and
actuated by a solenoid. In this type of injector, a fuel
injection port is formed on the tip of the housing, and a
valve port, cooperating with the tip of the movable
needle for controlling the injecting operation of fuel, is
formed in the fuel passage located between the fuel
injection port and the fuel feed port formed on the rear
end of the housing. In addition, in this fuel injector, the
fuel swirl chamber is formed immediately upstream of
the valve port or in the valve port which is formed
between the tip of the movable needle and the valve
seat formed on the housing. In the case wherein the fuel
swirl chamber is formed immediately upstream of the
valve port as mentioned above, a swirl motion of fuel is
created in the fuel swirl chamber by the fuel which
flows into the fuel swirl chamber tangentially to the
circumferential inner wall of the fuel swirl chamber
after the movable needle opens the valve port. Then,
the fuel within the fuel swirl chamber, while swirling,
passes through the valve port and, then, is injected,
while swirling, from the fuel injection port. As a result,
the fuel injected from the fuel injector is caused to swirl.
However, in the case wherein the fuel swirl chamber 1s
formed immediately upstream of the valve port, it 1s
impossible to create a swirl motion of the fuel within the
fuel swirl chamber immediately after the movable nee-
dle opens the valve port. Therefore, at this time, since
the fuel within the fuel swirl chamber is injected from
the fuel injection port via the valve port without swirl-
ing, a problem occurs in that it is impossible to fully
promote the atomization and vaporization of the fuel
immediately after the movable needle opens the valve
port.

On the other hand, in the case wherein the fuel swirl
chamber is formed in the valve port which is formed
between the tip of the movable needle and the valve
seat formed on the housing as mentioned above, the
swirl motion of fuel is created in the valve port by the
fuel flowing into the valve port when the movable nee-
dle moves upwards and opens the valve port. Then,
since the fuel within the valve port is injected, while
swirling, from the fuel injection port, the fuel injected
from the fuel injector is caused to swirl. However, 1n
the case wherein the fuel swirl chamber is formed n the
valve port, since the area of the valve port is increased
as the movable needle moves upwards, the strength of
the swirl motion created in the valve port is changed in
accordance with a change in the position of the mov-
able needle and, as a result, a problem occurs in that 1t
is impossible to create a swirl motion having a constant
strength throughout the entire time period during
which the injecting operation 18 carried out.
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An object of the present invention is to provide a fuel
injector capable of causing the fuel injected from the
fuel injector to swirl at a constant strength throughout
the entire time period during which the injecting opera-
tion is carried out.

According to the present invention, there is provided
a fuel injector comprising: a housing; a fuel feed port
arranged on one end of said housing; a fuel injection
port arranged on the other end of said housing; a fuel
passage formed in said housing and interconnecting said
fuel feed port to said fuel injection port; a vaive seat
formed on an inner wall of said fuel passage; a needle
movable in said housing and having a tip which cooper-
ates with said valve seat for defining a valve port there-
between, said valve port dividing said fuel passage into
a first passage section located between said fuel feed
port and said valve port and a second passage section
located between said fuel injection port and said valve
port, said first passage section being filled with fuel the
pressure of which is maintained constant, and; means
for actuating said needle to open said normally closed
valve port and allow the fuel to be injected from said
fuel injection port, wherein the improvement comprises
a fuel swirl chamber arranged in said housing between
said second passage section and said fuel injection port
and having a circumferential inner wall which extends
around an axis of said fuel swirl chamber, said second
passage section having one end connected to said valve
port and the other end which opens into said fuel swirl
chamber and being is tangentially connected to the
circumferential inner wall of said fuel swirl chamber,
said fuel injection port extending along the axis of said
fuel swirl chamber and opening into said fuel swirl
chamber.

The present invention may be more fully understood
from the description of a preferred embodiment of the
invention set forth below, together with the accompa-

nying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:
FIG. 1 is a cross-sectional side view of a fuel injector

according to the present invention;

FIG. 2 is an enlarged cross-sectional view of a part of
the fuel injector illustrated in FI1G. I

FIG. 3 is a bottom view taken along line III—IIf n
FIG. 2, and illustrates the case wherein the spacer
holder is removed,

FIG. 4 is a graph showing the mean diameter of the
fuel droplets injected from a fuel injector according to
the present invention, and,;

FIG. 5 is a graph showing the relationship between
the amount of fuel injected from a fuel injector accora-
ing to the present invention and the time period during
which the injecting operation is carried out.

DESCRIPTION OF A PREFERRED
EMBODIMENT

Referring to FIGS. 1 and 2, 1 designates a housing of
a fuel injector, 2 a fuel feed pipe inserted into the hous-
ing 1, 3 an annular and plate for fixing the fuel feed pipe
2 onto the housing 1, 4 a connector mounting member
fixed onto the housing 1 at a position outside of the
annular end plate 3 and 5 a needie holder fixed onto the
lower end of the housing 1 via a spacer 6. A movable
needle 8 having a pair of expanding portions 7 is -
serted into the needle holder 5 so that the movable
needle 8§ is able to slide in the needle holder 5 in the axial
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direction of the housing 1. A plurality of grooves 9 is
formed on the outer circumferential walls of the ex-

panding portions 7. A movable core 10 is fixed onto the

upper end of the movabie needle 8, and a compression

spring 11 is inserted between the movable core 10 and
the lower end of the fuel feed pipe 2. A solenoid 13 held

by a solenoid holder 12 is inserted into an annular space
formed between the housing 1 and the fuel feed pipe 2,
and the solenoid holder 12 is inserted between the hous-
ing 1 and the fuel feed pipe 2 via a pair of 0 rings 14, 15.
'The solenoid 13 is connected to a connector 16 mounted
on the connector mounting member 4, and the connec-
tor 16 is connected to an electronic control circuit 17
for energizing the solenoid 13. As illustrated in FIG. 1,
a fuel passage 18 extending in the axial direction of the
housing 1 is formed in the fuel feed pipe 2, and a filter 19
is inserted into the upper end of the fuel passage 18. A
fuel conduit 20 is fitted into the upper end of the fuel
feed pipe 2 and connected to a fuel tank 22 via a fuel
feed pump 21. The fuel feed pump 21 is equipped with
a relief valve 23 which serves to maintain the delivery
pressure of the fuel feed pump 21 constant and, there-
fore, fuel 1s always fed into the fuel passage 18 at a
constant pressure via the fuel conduit 20. |

As illustrated in FIG. 2, a needle insert hole 24 is
formed in the needle holder 5, and the needle 8 moves
up and down 1in the needle insert hole 24. The lower end
portion of the needle insert hole 24 has an enlarged
cylindrical inner wall portion 25, a conically shaped
valve seat 26 and a cylindrical inner wall portion 27
having a diameter which is smaller than that of the
enlarged cylindrical inner wall portion 25. On the other
hand, the lower end portion of the movable needle 8
forms thereon an increased diameter portion 28, a re-
duced diameter portion 30 and a conically shaped valve
seat 29 arranged to face the conically shaped valve seat
26. As 1t 1s apparent from FIG. 2, the cylindrical inner
wall portion 27 has a uniform diameter over the entire
length thereof, and the reduced diameter portion 30 also
has a uniform diameter over the entire length thereof,
which diameter is slightly smaller than that of the cylin-
drical inner wall portion 27. Consequently, when the
movable needle 8 is caused to move upwards due to the
attracting force of the solenoid 13 (FIG. 1) as hereinaf-
ter described, an annular clearance having a fixed cross-
sectional area is formed between the cylindrical inner
wall portion 27 and the reduced diameter portion 30
independently of the position of the movable needle 8.
A spacer holder 32 forming a fuel injection port 31
thereon is fitted onto the lower end of the needle holder
S. The spacer holder 32 has a conically shaped portion
47 at the lower portion thereof and a thin, hollow cylin-
drical portion 48 at the upper portion thereof. The
spacer holder 32 is fixed onto the needle holder 5 in
such a way that an upper end 49 of the hollow cylindri-
cal portion 48 is bent inwardly. An O ring 44 is inserted
between the needle holder 5§ and the spacer holder 32
for preventing the leakage of fuel, and a spacer 33
shaped substantially in the form of a frustum of a cone
1s arranged on the lower end face of the needie holder 5
and held by the conically shaped portion 47 of the
spacer holder 32. A conically shaped fuel swirl chamber
36 is formed between a flat top face 34 of the spacer 33
and a conical inner wall 35 of the spacer holder 32, and
the fuel injection port 31 is formed on the apex of the
fuel swirl chamber 36. A conical projection 46 is formed
in one piece on the lower end of the reduced diameter
portion 30 of the needle 8 so that a fuel passage portion
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37 having an extremely small volume is formed between
the conical projection 46 and an inner wall 51 of the
spacer 33, whose wall 51 has a complementary shape
relative to the outer wall of the conical projection 46. A

fuel passage portion 38 extending from the fuel passage
portion 37 towards the conical outer circumferential

wall of the spacer 33 is formed in the spacer 33. On the
other hand, as illustrated in FIGS. 2 and 3, a fuel pas-
sage portion 41 extending from an open end 40 of the
fuel passage portion 38 into the fuel swirl chamber 36 is
formed on a conical outer circumferential wall 39 of the
spacer 33. The opening of the fuel passage portion 41 is
tangentially connected to the conical inner wall 35 of
the spacer holder 32, which defines the fuel swirl cham-
ber 36 therein.

As mentioned previously with reference to FIGS. 1
and 2, the fuel, which is maintained at a constant pres-
sure, 1S fed into the fuel passage 18 formed in the fuel
feed pipe 2 from the fuel feed pump 21. Then, the fuel is
fed 1nto an annular space 50 formed between the en-
larged cylindrical inner wall portion 25 and the in-
creased diameter portion 28 via a space 42 formed be-
tween the movable core 10 and the housing 1, via a
groove 43 formed in the spacer 6 and via the grooves 9
formed on the expanding portions 7 of the movable
needle 8. Consequently, the annular space 50 is filled
with fuel which is maintained at a constant pressure.

The electronic control circuit 17 produces pulses
illustrated by arrow F in FIG. 1. In FIG. 1, the length
of time during which the needle valve 8 is open is indi-
cated by T, and the time interval of the generation of
the pulses is indicated by t. Consequently, the frequency
f of the opening operation of the needle valve 8 is equal
to 1/t. When the pulse F is fed into the solenoid 13, the
solenoid 13 is energized over the time period T during
which the pulse F generates. When the solenoid 13 is
energized, the movable core 10 is attracted by the sole-
noid 13 and moves upwards and, accordingly, the mov-
able needle 8 moves upwards. When the movable nee-
dle 8 moves upwards, a valve port 45, formed between
the stationary valve seat 26 of the needle holder 5 and
the valve seat 29 of the movable needle 8, opens. At this
time, as mentioned previously, the cross-sectional area
of the annular clearance formed between the cylindrical
inner wall portion 27 and the reduced diameter portion
30 1s maintained constant, independently of the position
of the movable needle 8. When the valve port 45 opens,
the fuel within the annular space 50 flows into the coni-
cal shell shaped fuel passage portion 37 via the valve
port 45. As mentioned previously, the pressure of the
fuel within the annular space 50 is maintained constant.
Consequently, the fuel passage portion 37 is filled with
fuel of a constant pressure only during the time period
T, wherein the movable core 10 is attracted by the
solenoid 13 and moves upwards. Then, the fuel flowing
into the fuel passage portion 37 flows into the fuel swirl
chamber 36 via the fuel passage portions 38, 41. At this
time, the fuel flowing into the fuel swirl chamber 36
from the fuel passage portion 41 swirls along the conical
inner wall 35 of the spacer holder 32 and, then, is in-
jected, while swirling, from the fuel injection hole 31.

As mentioned above, the fuel flowing into the fuel
swirl chamber 36 from the fuel passage portion 41 swirls
along the conical inner wall 35 of the spacer holder 32
and, then, 1s injected from the fuel injection port 31.
Consequently, the fuel swirl chamber 36 is not filled
with fuel. Therefore, after the movable needle 8 closes
the valve port 45 to stop the fuel injecting operation,
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fuel does not remain within the fuel swirl chamber 36,
and an extremely small amount of the fuel remains
within the fuel passage portions 37, 38 and 41. Since the
conical projection 46 is formed on the lower end of the
movable needle 8, the area of the fuel passage portion 37
is extremely small, and therefore, the amount of the
residual fuel remaining within the fuel passage portions
37, 38 and 41 is extremely small. Since the amount of
this residual fuel remaining within the fuel passage por-
tions 37, 38 and 41 is extremely small, as compared with
the amount of the fuel injected from the fuel injector,
and since the residual fuel remaining within the fuel
passage portions 37, 38 and 41 is pushed into the fuel
swirl chamber 36 and, then, is injected, while swirling,
from the fuel injection port 31 when the movable needle
8 opens the valve port 45, the fuel injected from the fuel
injection port 31 is caused to swirl immediately after the
injecting operation is started. In addition, the fuel injec-
tion pressure of the fuel injector becomes equal to a
fixed value at the same time the injecting operation is
started. | -

In a constant pressure type fuel injector as in the
present invention, if the sizes of the fuel swirl chamber
36, the fuel injection port 31 and the fuel passage por-
tion 41 are determined, the capability to atomize fuel
depends on the level of the fuel injection pressure of the
fuel injector. Such a dependency has been known, for
example, as disclosed in the techmical report in the
Transactions of the Japan Society of Mechanical Engi-
neers, volume 19, No 80, 1953, entitled “The Atomiza-
tion of Fuel in a Fuel Injector”, Kiyoshi Kobayashi.

FIG. 4 illustrates the results of experiments con-
ducted by the inventor. In FIG. 4, the ordinate indicates
the mean diameter D(um) of fuel droplets, which 1is
indicated in the form of a Sauter mean diameter, and the
abscissa indicates the ratio R of an amount of the fuel
injected from the fuel injector to a maximum amount of
the fuel injected from the fuel injector. The experiments
were conducted over a wide range in the amount of fuel
injected from the fuel injector by changing the time
period t/T, during which the injecting operation was
carried out, in the range of 28.6 to 1.0, and by changing
the frequency f(=1/t) in the range 7 Hz to 50 Hz. From
FI1G. 4, it will be understood that the mean diameter D
of the fuel droplets injected from the fuel injector ac-
cording to the present invention is an extremely small
size of about 40 um, independently of an amount of the
fuel injected from the fuel injector, as illustrated by the
hatching in FIG. 4, and thus, a good atomization of fuel
can be obtained.

In the fuel injector according to the present inven-
tion, the effective flow area of the valve port 45, which
is created when the movable needle 8 fully opens the
valve port 45, is larger than the effective flow area of
the fuel passage located between the fuel injection port
31 and the annular clearance which is formed between
the cylindrical inner wall portion 27 and the reduced
diameter portion 30. Therefore, since the fuel injection
pressure of the fuel injector is maintained constant, if
the size of the above-mentioned fuel passage, that is, the
sizes of the above-mentioned annular clearance, the fuel
passage portions 37, 38, 41, the fuel swirl chamber 36
and the fuel injection port 31, are determined, the
amount of the fuel injected from the fuel injector per a
unit time is determined. Among the above-mentioned
annular clearance, the fuel passage portions 37, 38, 41,
the fuel swirl chamber 36 and the fuel injection port 31,
the fuel injection port 31 has a minimum size and, there-

5

10

15

20

23

30

35

45

50

33

60

635

6

fore, the size of the fuel injection port 31 has the great-
est influence on the amount of the fuel injected from the
fuel injector. FIG. 5 illustrates the relationship between
the amount of the fuel injected from the fuel injector
and the time period T during which the injecting opera-
tion is carried out. In FIG. 5§, the ordinate indicates the
ratio R -of an amount of the fuel injected from the fuel
injector to a maximum amount of the fuel injected from
the fuel injector, and the abscissa indicates the time
period T (msec) during which the injecting operation is
carried out. In addition, in FIG. 5, the straight lines a, b
and c illustrate the case wherein the frequency f is equal
to 7 Hz, 16.7 Hz and 50 Hz, respectively. From FIG. 5,
it will be understood that, if the frequency f i1s main-
tained constant, the amount of the fuel injected from the
fuel injector is directly proportional to the time period
T. o |

According to the present invention, a good atomiza-
tion of fuel can be always obtained independently of the
amount of the fuel injected from the fuel injector. In
addition, the amount of the fuel injected from the fuel
injector is exactly proportional to the time period dur-
ing which the injecting operation is carried out. Conse-
quently, the fuel injector according to the present in-
vention is suited for use in an internal combustion en-
gine.

While the invention has been described by reference
to a specific embodiment, chosen for purposes of illus-
tration, it should be apparent that numerous modifica-
tions could be made thereto by those skilled in the art
without departing from the spirit and scope of the n-
vention.

What is claimed 1s:

1. A fuel injector comprising: a housing, a fuel feed
port arranged on one end of said housing; a fuel injec-
tion port arranged on the other end of said housing; a
fuel passage formed in said housing and interconnecting
said fuel feed port to said fuel injection port; a valve seat
formed on an inner wall of said fuel passage; a needle
movable in said housing and having a tip which cooper-
ates with said valve port dividing said fuel passage into
a first passage section located between said fuel feed
port and said valve port and a second passage section
located between said fuel injection port and said valve
port, said first passage section being filled with fuel the
pressure of which is maintained constant, and means for
actuating said needle to open said normally closed valve
port and allow the fuel to be injected from said fuel
injection port, wherein the improvement comprises a
fuel swirl chamber arranged in said housing between
said second passage section and said fuel injection port
and having a circumferential inner wall which extends
around an axis of said fuel swirl chamber, said second
passage section having one end connected to said valve
port and the other end which opens into said fuel swirl
chamber and being tangentially connected to the cir-
cumferential inner wall of said fuel swirl chamber, said
fuel injection port extending along the axis of said tuel
swirl chamber and opening into said fuel swirl chamber,
wherein the effective flow of said valve port created
when said needle fully opens said valve port 1s greater
than that of said second passage section, and wherein
said second passage section includes a passage portion
located immediately downstream of said valve port and
formed between an inner wall of said passage section
and said needle, said passage portion having a cross-sec-
tional area which is maintained constant independently
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of the position of said needle when said needle moves
away from said valve seat.

2. A fuel injector as clalmed in clalm 1, wherem said
effective flow area of said valve port is greater than the
effective flow area at any _points within said second

passage section. -
3. A fuel injector as claimed in claim 1, wherein said
fuel injection port has a minimum effective flow area.

4. A fuel injector as claimed in claim 1, wherein the
circumferential inner wall of said fuel swirl chamber has
a conical shape. '

5. A fuel injector as claimed in claim 4, wherein said
fuel swirl chamber has an apex at which said fuel injec-
tion port opens into said fuel swirl chamber.

6. A fuel injector as claimed in claim 1, wherein said
needle has a reduced diameter portion located immedi-
ately downstream of said valve port, said passage por-
tion being an annular clearance formed between said
reduced diameter portlon and the mner wall of sald
passage portion.

7. A fuel injector as claimed in claim 6, whereln said
needle has a conical projection formed in one plece on
said reduced diameter portion, said second passage
section including a conical  shell shaped clearance

which is located “immediately downstream of said annu-

lar clearance and is formed around said conical pro_]ec-
tion. |

8. A fuel injector as claimed in claim 1, wherein said
fuel injector further comprises a spacer arranged at said
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other end of said housing, and a spacer holder mounted
on said other end of said housing and enclosing holding
said spacer, said spacer and said spacer holder forming
said fuel swirl chamber therebetween.

9. A fuel injector as claimed in claim 8, wherein said

spacer is shaped substantially in the form of a frustum of
a cone and has a conically shaped outer circumferential

wall, said spacer holder having a conically shaped inner
wall which is in sealing contact with the outer circum-
ferential wall of said spacer and defines said fuel swirl
chamber which has a conical shape.

10. A fuel injector as claimed in claim 9, wherein said
second passage section includes a passage portion
formed 1n said spacer and comprising a first portion
which extends within said spacer and has an open end
formed on the conlcally shaped outer circumferential
wall of said spacer, and a second passage which is
formed in the conically shaped outer circumferential
wall of said spacer and extends from said open end into
said fuel swirl chamber.

11. A fuel injector as claimed in claim 9, wherein said
spacer holder further comprises a thin, hollow cylindri-
cal portion fitted onto said housing and having an end
portion which is inwardly bent for fixing said spacer
holder onto said housing, a sealing member being in-
serted between said housing and said hollow cylindrical

portion. o 3 }
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